INTRODUCTION
A complex host defense system protects the lower respiratory tract from foreign particles inhaled with ambient air. Fortunately, various anatomic barriers in the upper airway and intricate branching of the tracheobronchial tree mechanically exclude particles larger than 3 Em in diameter from the respiratory bronchioles and alveoli (1, 2) . However, smaller particles (0.5-3 Mm), which may include infectious agents such as bacteria, can be deposited directly in the alveoli (1) . This initiates a complicated, but still poorly understood, interaction between these potentially infectious particles, for 5 min at 250C. After the supernatant lavage fluid was decanted, the cell pellet was resuspended in modified Hanks' balanced salt solution (HBSS) 1 (prepared without Ca"+ and Mg++ ions or phenol red), washed, and pelleted twice by centrifugation, before a final cell suspension was made.
Cell viability was assessed by eosin Y dye exclusion (8) . Cells were counted (Coulter model F., Coulter Electronics Inc., Hialeah, Fla.) and 500 cell differential counts were done on wet mounts and cytocentrifuged Wright-Giemsa preparations. To size the various respiratory cells in the unstained wet mount, the diameter of a cell was measured in two planes under oil immersion (1,000 X) and the average diameter was expressed in micrometers. Macrophages were identified by size and morphology, by staining with neutral red (9) , and by ingestion of polystyrene latex balls (Dow Chemical Co., Midland, Mich.; mean diameter 1.1 gm).
Establishment of short-term macrophage cell cultures. Respiratory cells were cultured on glass surfaces in tissue culture chambers (No. 4802 two-chamber units, Lab-Tek Products, Div. Miles Laboratories Inc., Naperville, Ill.) with McCoy's 5A medium (Grand Island Biological Co., Grand Island, N. Y.) supplemented with 0.3% vol/vol L-glutamine, 10% heat-inactivated fetal calf serum, and antibiotics-gentamicin sulfate (5 /hg/ml) and penicillin G (100 U/ml). About 1.5 X 106 viable macrophages were added to each chamber and allowed to adhere in an atmosphere of moist air and 5% C02 at 370C. Monolayers were allowed to acclimate for 24 h; then monolayers were washed three times with HBSS, with added Ca`4 and Mg++, and reconstituted with 1.9 ml of HBSS/chamber. Adherent cell monolayers consisted of approximately 95% alveolar macrophages. To insure comparability of cell cultures, individual chambers were checked for uniformity of the cell monolayers by examination with an inverted microscope at 200 X; selected chambers were assayed for protein by the Lowry, Rosebrough, Farr, and Randall method (10) .
Preparation of respiratory secretory IgA antibody. To obtain secretory IgA antibody (sIgA), respiratory secretions were collected from a patient, A. W. 0. (NIH #0967865) after natural Pseudomonas pulmonary infection.
The patient had chronic asthma and two previous episodes of Pseudomonas aeruginosa pneumonia. His respiratory secretions were watery and nonpurulent (produced 50-100 ml/day), and did not contain detectable IgM immunoglobulin. High titers of agglutinative antibody activity against Pseudomonas aeruginosa, immunotypes 3 and 7, were present.2 Expectorated secretions were collected by postural drainage and immediately frozen to -20'C without preservatives. A pool of 500 ml of secretions collected during a 7-day interval was used in these experiments. The methods used to purify sIgA from bronchial secretions have been detailed previously (7) . In brief, respiratory secretions were emulsified and centrifuged to obtain clear supernatant fluid (200 ml), which was then dialyzed extensively against borate saline buffer, pH 8.0 (12 
RESULTS
The respiratory cell recovery is contrasted for the groups of smokers and nonsmokers in Table I . The mean age of the subjects was 21±+1.0 yr (range [19] [20] [21] [22] [23] yr). The degree of cigarette smoking for the smokers was about 1-3 pack-yr; no volunteers had evidence of did not occur. In contrast, purified immune IgG and sIgA antibodies were adherent to bacteria, as demonstrated by immunofluoresence, and could be recovered from aggregated Pseudomonas organisms. The fluorescent assay was the most sensitive method used. Immune IgG, reacted with 10' bacteria in a concentration range of 0.2-6.0 mg/ml, was detected on bacterial surfaces at 0.4 mg/ml dilution. sIgA antibody at 0.8 mg/ml gave positive results with a comparable number of bacteria. For the phagocytic experiments, however, greater concentrations of antibody and fewer bacteria (108) were used to insure moderate-to-heavy coating of bacteria, rather than minimal opsonization just described.
Background counts. In a protein-free medium (HBSS), a large percentage (50-70%) of glass-adherent alveolar macrophages ingested inert polystyrene balls as a consequence of a process termed nonimmune endocytosis (20) . In contrast, only about 5% of macrophages would phagocytose washed and viable nonopsonized Pseudomonas organisms in a HBSS medium that did not contain additional protein. Therefore, the background uptake of viable bacteria by alveolar macrophages was small in the absence of specific antibodies or opsonins, and the enhancing effect of any specific opsonin was usually striking. Another factor contributing to base-line bacterial counts in this macrophage assay system was the nonspecific sticking of bacteria to the glass surface. If washed SC-labeled Pseudomonas were added to a culture chamber in 1.9 ml of HBSS and in the absence of alveolar macrophages, a small but linear deposition of bacteria on the glass surface occurred. 60 min after chamber inoculation, about 800-1,000 14C cpm could be recovered after the glass surface was washed several times with medium and scraped with a rubber policeman. Bacteria opsonized with immune IgG or sIgA were no more adherent to the glass than nonopsonized ones.
Comparison of immune IgG opsonin and control IgG. The opsonic effect of immune IgG and nonimmune control IgG of promoting Pseudomonas uptake by macrophages obtained from nonsmokers and smokers was compared. Three similar experiments for each category of nonsmoker and smoker were performed; representative results are depicted in Figs. 1 and 2 based on the percentage of macrophages that appeared to have intracellularly located bacteria, as determined from Wright-Giemsa cell stains. The dynamics of the phagocytic process were better appreciated in a preliminary study of the cell monolayers by phase contrast microscopy. Under phase, the continuum between bacterial attachment to the macrophage cell surface and subsequent bacterial internalization could be followed.
Not only did the immune IgG-Pseudomonas-exposed cell monolayers have more intracellular bacteria, but they had many more surface-adherent bacteria than the control IgG macrophages. Thus, many more bacteria were associated with the macrophages in the immune IgG opsonin group than in the control group. This increase was also reflected in the initially high bacterial colony counts obtained for the immune IgG exposed monolayers at the 15-and 30-min sampling times. Thereafter by 60 min, the viable bacterial count had decreased by more than a factor of 10. Macrophages were apparently killing Pseudomonas organisms more rapidly than they were being accumulated by the cell monolayers. To a much lesser degree the same results were obtained with the control IgG-Pseudomonas-exposed monolayers but in no instance did any of the parameters of bacterial uptake or killing approach those obtained in the immune IgG-exposed monolayers. In most respects, the control IgG-treated Pseudomonas produced base-line values similar to those of nonspecific bacterial deposition (about 1,500 "C counts at 60 min) and small phagocytic indexes.
For contrast, the response of a smoker's alveolar macrophages is shown in Fig. 2 , with the same IgG preparations at the same concentrations described in Fig. 1 . Observations were continued for 60 min after bacterial inoculation in this experiment. Total bacterial uptake was appreciably greater by monolayers exposed to the immune IgG-opsonized Pseudomonas and at 60 min the "C counts were about four times greater than the controls. Likewise, higher phagocytic indexes were found for the macrophages infected with the immune IgG-treated bacteria. Approximately 10% of the macrophages that had ingested immune IgG-coated bacteria by 60 min contained five or more organisms per macrophage; whereas, only 1% of the cells exposed to the nonimmune opsonized bacteria Fig. 1. A comparison of the macrophage responses obtained with nonsmoker ( Fig. 1) and smoker (Fig. 2 ) cells shows many similar results. The uptake of immune IgG opsonized "C bacteria was comparable for both groups of macrophages, particularly during the first 60 min of uptake when the regression slopes of the uptake curves were almost the same (0.028±0.006 SE vs. 0.023± 0.006). Phagocytic indexes were quite similar Because nonimmune IgG failed to opsonize the Pseudomonase organisms adequately, bacterial uptake ("C) and phagocytic indexes were not above background values. Although the viable bacterial counts of immune IgG-reacted Pseudomonas at 60 min were lower for nonsmoker macrophages (Fig. 1) than for smokers' macrophages (Fig. 2) , this apparently enhanced bacterial killing was not substantiated in other experiments. In essence no striking differences were found to distinguish the responses of smoker and nonsmoker alveolar macrophages. 10 Studies with sIgA. The effects of immune and nonimmune secretory IgA antibody to enhance bacterial uptake were evaluated with macrophages obtained from two smokers. One such comparison is shown in Fig. 3 . The IgA preparations were compared at approximately the same protein concentrations. Each monolayer was inoculated with a 10: 1 ratio of opsonized Pseudomonas to macrophages, and duplicate chambers were sampled from each group at 2 min after infection and at 15-min intervals for 1 h. Bacteria, as shown by "C counts, were taken up by the cell monolayers in roughly linear fashion and about a thousand "C counts were accumulated by both groups of cell monolayers at 60 min. Although more viable Pseudomonas were cultured from the immune sIgA-exposed monolayers, the phagocytic indexes were comparable for each group. In essence, the immune sIgA only gave a modest increase in macrophage uptake, compared with the control. It should be emphasized that Pseudomonas reacted with sIgA antibody did have demonstrable antibody identified and eluted from the bacteria, so that opsonization in fact occurred. In contrast, nonimmune sIgA did not coat the Pseudomonas. periments. During the 60 min of this assay, the XC bacterial uptake was twice as high in the monolayers exposed to IgG-treated bacteria as in the sIgA-challenged group. This difference was reflected in the higher phagocytic indexes calculated at 30 and 60 min for the IgG group. Phase contrast microscopy revealed many more macrophage cell surface-associated bacteria in the IgGexposed monolayers. From the stained monolayer preparations made at 60 min, 14% of the IgG-exposed macrophages with intracellular Pseudomonas (phagocytic index 40%) had ingested five or more bacteria per cell. In contrast, only 2% of the IgA challenge macrophages (phagocytic index 17%) contained five or more bacteria. The number of viable bacteria cultured from the cell homogenates was higher at each sampling interval for monolayers exposed to IgG-opsonized bacteria, consistent with the greater number of total "C bacteria found associated with this group. However, at 60 min the colony counts decreased for the IgG-challenged cell monolayers, suggesting that Pseudomonas killing was beginning; such a finding was not observed for the IgA-exposed cells. Therefore, it was clear that sIgA was less effective than IgG in promoting bacterial uptake under these experimental conditions.
Two additional points should be considered. First, sIgA has been examined in this macrophage assay system at various protein concentrations that ranged from 0.8 mg/ml (Fig. 3) to the maximum concentration of 3.2 mg/ml. Results with immune sIgA-opsonized bacteria were not improved with respect to control nonimmune sIgA or to immune IgG values. Second, when sIgA concentrations greater than 2.0 mg/ml (or agglutinative titer 1: 2,048) were used in opsonization studies, viability of the Pseudomonas inoculum (100/ 0.1 ml) decreased about 50% during the 60-min interval of the experiment, because of presumed bacterial clumping. If clumps of bacteria were added to the cell culture supernate, macrophage phagocytosis was generally less. DISCUSSION An important aspect of this study was the attempt to identify the immunoglobulin class that provides the most efficient opsonic antibody for certain bacterial infections of the lung. This finding could influence the route of immunization for bacterial vaccination or the products used for passive antibody administration. Although interpretation of the results must be limited because of the in vitro design of the experiments and the use of a single bacterial species, efficacy of IgG antibody to enhance Pseudomonas uptake was apparent.
The specific immunologic recognition of IgG-coated viable bacteria must be distinguished from the nonimmunologic phagocytosis (20) Poor sIgA coating of the Pseudomonas organisms was not considered a problem in our studies. After brief antibody reaction with the Pseudomonas, as done for 15 min in these studies, and washing the bacteria, sIgA could be still detected immunologically on the organisms. Thus, at best, after 60 min of opportunity, only 13-17% of monolayer macrophages ingested sIgAopsonized Pseudomonas (Figs. 3 and 4) . In addition, bacterial-macrophage surface attachment, as viewed with phase contrast microscopy, was much less evident than that seen with IgG-opsonized bacteria.
Macrophage interaction with IgM-opsonized Pseudomonas was not included in these studies because it has been amply documented (7, (24) (25) (26) Figs. 1 and 2 ). It is possible that subtle differences were minimized because of our decision to culture the macrophages in vitro for at least 24 h before bacterial challenge. This routine was established because it was found that fresh glass-adherent alveolar macrophages (2-3 h after bronchial lavage) invariably formed cell surface rosettes with IgG-opsonized erythrocytes (EA) and did not phagocytose these immune complexes (21) . It required 24-30 h of in vitro acclimization with our experimental culture conditions before erythrophagocytosis of EA complexes became maximal. Harris, Swenson, and Johnson (34) used freshly lavaged alveolar macro-phages in phagocytosis studies with Staphylococcus albus mixed in autologous serum. They found that only small numbers of macrophages (18.5-23%) had phagocytized bacteria at the end of a 3-h incubation period. In contrast, Cohen and Cline (39) demonstrated that with prolonged in vitro culture for many days there was a progressive increase in phagocytic capacity of alveolar macrophages that was a function of increasing cell size. To get a high percentage of macrophages to ingest microorganisms for satisfactory phagocytic experiments, a period of cell adjustment to in vitro conditions is necessary. However, in this interval macrophages might dispel metabolic products that were perhaps toxic in the original alveolar environment; thus, initial differences in cellular function could be overlooked between smokers and other controls.
